increasing age with HIV, cognitive deficits can become more common and severe (Vance, Fazeli, & Gakumo, 2013) .
Using Frascati criteria, a consensus-derived neuropsychiatric algorithm used extensively in the study of neuroAIDS, HAND is diagnosed when a person performs at least 1 to 2 standard deviations (SD) below his or her age and educational (and gender and ethnicity when norms are available) normative means, on measures of two or more cognitive domains (e.g., verbal memory, speed of processing). Many individuals may be only a fraction of a SD below the cut off (Vance, Cody et al., 2017) . Unfortunately, pharmacological cognitive interventions have short-lived effects, if any, and can produce adverse side effects in a clinical population already prone to multiple comorbidities and polypharmacy (Vance, Mugavero, Willig, Raper, & Saag, 2011) . Fortunately, computerized cognitive training interventions have been shown to improve or maintain cognition without adverse side effects (Lampit, Hallock, & Valenzuela, 2014) .
Mitigating the cognitive symptoms of HIV (i.e., HAND) is vital.
First, HIV produces a form of accentuated or accelerated aging, including cognitive aging that can produce deficits across cognitive domains (Vance, Cody et al., 2017) . Second, cognitive deficits in HIV are related to poorer everyday functioning and quality of life (Vance, Cody et al., 2017) . Third, improvement in individual cognitive domains resulting from cognitive training translate into improved performance on everyday functioning and quality of life (Edwards et al., 2009 ).
Only four types of computerized cognitive training interventions have been studied in adults with HIV (Vance, Cody et al., 2017; Weber, Blackstone, & Woods, 2013) . First, Becker, Thames, Woo, Castellon, and Hinkin (2011) partially randomized 60 adults with and without HIV to engage in 14 computerized targeted modules (e.g., knowledge, memory) over 24 weeks. No significant effects were found; however, adherence was poor. Second, Vance, Fazeli, Ross, Wadley, and Ball (2012) randomized 46 older adults with HIV to either a speed of processing training group (10 hr of training) or a nocontact control group. Adherence was excellent, and improvements were observed on this cognitive domain that transferred to a timed laboratory measure of instrumental activities of daily living. Third, Towe, Patel, and Meade (2017) randomized 21 adults with HIV to either a working memory training group (12 sessions over 10 weeks) or an attention-control group. Adherence was excellent, and improvements in working memory were observed in the active intervention group.
Fourth, in a pre/post case comparison study, Hossain et al. (2017) randomized three older adults with HAND to receive either 10 hr of speed of processing training, 20 hr of speed of processing training, or 10 hr of a sham internet training in which the participant engaged in normal internet activities on the computer that were not considered to have any therapeutic cognitive benefit.
After training, it was observed that the participant who received 20 hr of speed of processing training improved on measures of speed of processing and more importantly, no longer met the cognitive hallmarks of HAND. This was the first study to suggest that a diagnosis of HAND may be reversed by using computerized cognitive training.
With only a handful of cognitive training studies in HIV, it is difficult to determine their clinical utility in this population. Yet, studies in older adults without HIV have shown their efficacy in improving specific cognitive abilities, some as much as 1-1.5 SD above baseline performance or age/education-based norms (Lampit et al., 2014) . In a meta-analysis of 52 cognitive training studies, the average cognitive improvement following cognitive training was 0.22 SD (Lampit et al., 2014) . Although this seems to be a small to moderate effect size, such cognitive training programs may be effective in changing the diagnosis of HAND for some, by improving cognitive performance in specific domains to within acceptable performance norms. By targeting domain-specific cognitive deficits in those with HAND, the corresponding domain-specific computerized cognitive training may be able to improve cognitive functioning and reduce the severity of HAND or even reverse the diagnosis of HAND.
In an ongoing large randomized trial called Think Fast, we are focusing on an intervention to improve one cognitive skill in people with HAND: speed of processing .
Participants are randomized to receive either 10 or 20 hr of speed of processing training or 10 hr of a sham Internet training. Speed of processing training has been shown in the cognitive aging literature to improve not only this cognitive ability but also to benefit other areas, such as better everyday functioning and safer on-the-road driving and driving simulator performance, protection against depression, and improved locus of control, self-rated health, and health-related quality of life (e.g., Vance, 2009; Vance et al., 2007) . As mentioned above, in the case comparison study by Hossain et al. (2017) , the participant who received 20 hr of speed of processing training no longer met the cognitive criteria required for a HAND diagnosis. Although the Think Fast study was not designed to investigate if this intervention was effective in reversing HAND, it is encouraging that cognitive training may produce such an effect.
The current study, the Training On Purpose Study or TOPS, extends this work by specifically targeting a broader range of cognitive deficits that contribute to HAND. This focus is important because cognitive deficits vary, and some people have more deficits in verbal memory and spatial ability than in speed of processing, and all these cognitive deficits can negatively affect everyday functioning and quality of life (Vance, Cody et al., 2017) . The TOPS study is designed to provide individualized treatment targeting the cognitive deficits that contribute specifically to each person's HAND diagnosis.
The purpose of this article is to describe the methodology of the TOPS study, funded through a R21 mechanism by the National Institute on Nursing Research. This protocol is designed to enroll older adults with HAND, assess which cognitive deficits they are experiencing, and target these cognitive domains with domain- 
| METHODS
To provide the context in which the intervention is administered, the following study characteristics are briefly reviewed: (i) overview; (ii) participant characteristics; (iii) measures; and (iv) data analysis. Then, given the novelty of the intervention approach, this intervention is described more thoroughly in a separate section.
| Study overview
This TOPS Study utilizes a two-group pretest-posttest experimental design ( Figure 1 ). After participants are recruited, a baseline (pretest) assessment is administered to participants during a ∼2-hr visit. After the baseline assessment, participants' data are examined to determine a HAND diagnosis (see the Intervention Protocol section).
Only participants with HAND are invited to continue with the study, at which point they are randomized to one of two groups: (i) 20 hr of 
| Participants' characteristics
Participants are recruited from HIV/AIDS and community clinics using flyers and other recruitment materials. Participants are instructed to call the research office for more information, at which point they are screened over the phone to determine whether they meet basic eligibility criteria. Participants must be 50 and older, diagnosed with HIV for at least a year, and English-speaking, as the assessments and computerized training programs are delivered in English. Those with significant neuromedical comorbidities (e.g., multiple sclerosis, mental retardation) are excluded. Other conditions (e.g., legally blind or deaf, currently undergoing radiation or chemotherapy, a history of brain trauma) that could affect cognitive assessment and cognitive training also necessitate exclusion (Vance et al., 2013) .
| Measures
The measures in Table 1 are used to diagnose HAND and assess the primary and exploratory aims. The normative data from these measures are essential to establish a HAND diagnosis. These cognitive measures are commonly used to make a clinical diagnosis of HAND and have good psychometric properties; many also have alternative versions to preclude practice effects (Blackstone et al., 2012) .
| Data analysis
For Aim 1, a HAND diagnosis is re-assessed at post-intervention to determine the proportions of participants who no longer meet HAND criteria. For each neurocognitive measure (see Table 1 ), repeated measures ANOVA will be used to examine changes by treatment group over time. If necessary, the models will be adjusted for baseline covariates found to be imbalanced at baseline or associated with attrition. Similar analyses will be used for Exploratory Aims 1 and 2.
| INTERVENTION PROTOCOL
Participants are randomized to either the active intervention or a nocontact control group. The commercially available computer training programs can target a variety of cognitive domains. To understand how the active intervention was developed, it is necessary to understand the nuances of diagnosing HAND. From this understanding, a framework for selecting which cognitive domains to target for training is provided along with treatment fidelity considerations.
| Diagnostic classification
The Individualized-Targeted Cognitive Training protocol is based upon results of the HAND diagnostic process. Using a norms-based cognitive assessment measuring several cognitive domains, the VANCE ET AL. Given the higher prevalence of ANI, we enroll participants in our study with at least ANI (whether or not they also meet criteria for more severe HAND classifications that involve everyday impairment). The effect of the intervention on daily outcomes will be assessed using the same laboratory-based everyday functioning measures. Although a clinician would go on to rule out potential causes of cognitive deficits beyond HIV, such as comorbid conditions (e.g., diabetes, depression, substance abuse), but given the prevalence of such conditions in the HIV population, clinicians and researchers generally diagnose HAND in the presence of these comorbidities. Our rigorous exclusion criteria eliminate those with severe conditions precluding a HAND diagnosis (e.g., history of brain trauma). Figure 2 provides an example of a participant who was administered a normed-based cognitive assessment in six cognitive domains. This participant has HAND (in this case, ANI) because she scored below 1 SD on speed of processing and executive functioning and performed below 2 SD on verbal memory (Vance, Cody et al., 2017) . If she had performed slightly worse on speed of processing, such that her score was below 2 SD, then a diagnosis of HIV-Associated Dementia would be satisfied (Typically, this also requires an evaluation of whether such cognitive problems contribute to difficulty with everyday functioning, but that is not taken into consideration here). Regardless, this participant would qualify for the study, but because there are three cognitive domains impaired, a decision must be made as to which cognitive domains to target for her individualized cognitive training plan.
| Matching cognitive deficits to domain-specific cognitive training
In results of a meta-analysis of 52 domain-specific computerized cognitive training studies on healthy older adults, many studies employ between 10 and 20 hr of domain-specific cognitive training. There appeared to be a U-shaped dosage-therapeutic response, in which additional hours of training often resulted in fatigue and less cognitive gain (Lampit et al., 2014) . If a participant has three or more cognitive domain deficits (e.g., speed of processing, executive function, and verbal memory), applying 10 hr of training to each cognitive domain would represent a significant burden of cost, time, and participant fatigue. Therefore, it behooves clinicians and researchers to be selective in the domains targeted for training.
A practical strategy is to allocate 10 hr to each of two domains (20 hr total). In this example (Figure 2) , speed of processing, executive function, and verbal memory all contribute to an official diagnosis of HAND. Verbal memory (greater than 2 SD) could be targeted for cognitive intervention because that is the most severe cognitive deficit, but the domain-specific cognitive training in verbal memory may not be effective enough to create such a change, and the other two cognitive areas also require remediation, so a framework is needed to guide which domain-specific cognitive domains are to be targeted for treatment.
A hierarchy based upon Wicken's Model of Information
Processing and the Diminished Speed of Processing Theory was developed to decide which cognitive domains are targeted for FIGURE 2 Example of diagnosing HAND and targeting domainspecific cognitive training. In this example, the participant performed more than 1 standard deviation (SD) below her age and education-normed mean on speed of processing and executive functioning, and more than 2 SD below her age and educationnormed mean on verbal memory. Using the framework (Figure 3 ) of targeting speed of processing and attention deficits for training, speed of processing is one of the domains selected for training for this participant because this deficit is observed. In other cases, the cognitive domain that is more than 1 SD below the normed mean but closest to 1 SD below the mean is selected for training because such a deficit may be improved enough to establish a normal cognitive profile FIGURE 3 Individualized-targeted cognitive training framework Therefore, cognitive training that targets strengthening attention should be a primary candidate for intervention and remediation (Wickens, Hollands, Bandbury, & Parasuraman, 2013) .
Likewise, according to the Diminished Speed of Processing Theory (Salthouse, 1996) , the rate at which adults mentally process information slows with age. Speed of processing declines can occur at all stages of information processing, from initial encoding of a stimulus to the execution of a response (Cerella, 1994) . This reduction in speed of processing places demands on other cognitive systems. In 186 adults with HIV, speed of processing "fully mediated the effects of age on learning, memory, and executive functioning and partially mediated the effect of major depressive disorder on learning and memory" (Fellows, Byrd, & Morgello, 2014, p. 806) . Others have shown that increasing age affects speed of processing (effect size = −.69) to a greater degree than memory (effect size = −.25) or executive functioning/reasoning (effect size = −.27), which reinforces a focus on speed of processing (Fristoe, Salthouse, & Woodard, 1997) .
Obviously, speed of processing is further compromised by the combination of aging with HIV.
Based on these two cognitive models and the algorithm with which HAND is diagnosed, the Individualized- Targeted Divided Attention-This exercise requires one to react to particular details (e.g., shapes, colors) while ignoring other information. Target Tracker-This exercise requires one to visually scan and keep track of circular objects that move on the screen; this has target features similar to the Trails A test.
Speed of processing-A 2014 study of 186 adults with HIV found that speed of processing "fully mediated the effects of age on learning, memory, and executive functioning and partially mediated the effect of major depressive disorder on learning and memory" (Fellows et al., 2014, p. 806) .
Double Decision-This exercise is designed specifically to improve visual speed of processing. The task adapts by increasingly presenting targeted stimuli faster as participants become faster in detecting the type and location of such stimuli. Hawkeye-This exercise requires one to quickly notice which specific birds are within one's peripheral view, specifically honing visual speed of processing and precision. Visual Sweeps-This exercise requires one to notice whether two spatial frequency sweeps (movements bars) are swept out or in at very rapid presentation speeds.
Verbal ability (verbal learning or delayed verbal memory)-These exercises are designed to help one attend to word sounds and practice committing them to memory, tasks similar to the cognitive measures of verbal learning and memory.
Memory Grid-This exercise requires one to match cards that have certain syllable sounds. Thus, it is designed to also improve auditory processing which is important for verbal learning and memory as measured by the HVLT. Syllable Stacks-Using the same syllables in the Memory Grid exercises, this "serial memory-span" exercise requires one to "listen to a series of syllables and then repeat them in order" over increasingly challenging conditions which is important for encoding needed for verbal learning and verbal memory.
Spatial ability (spatial learning or delay spatial memory)-These exercises are designed to utilize one's mental rotation, navigation, and sequentially remember presentation of landmarks in a virtual environment.
Mental Maps-This exercise requires one to use landmarks to develop a mental map and "remember the relative locations of important objects." True North-This exercise requires one to use cardinal directions to find one's way in a city, thus utilizing spatial memory and navigational skills.
Executive functioning-These exercises require one to set shift; that is, to maintain at least two sets of rules and make a decision as to which one is appropriate for the response.
Mind Binder-This exercise is a "set shifting" exercise where one is presented with two rules, but one must chose the correct answer based upon the rules. Mixed Signals-This exercise requires one to listen to a number, letter, or other information while looking at a similar set of information. If there is agreement, then one clicks on the space bar. This is very similar to the Stroop test, an executive functioning measure.
a For more detail, please see POSIT Science at www.brainhq.com vs. 1.7 SD below the normative mean) cognitive domain closest to 1 SD below the normed mean is targeted for cognitive training. The rationale for this is: (i) there are more cognitive resources for that domain to benefit from training; and (ii) even slight improvement in this cognitive domain may reverse the diagnosis of HAND and improve everyday function and quality of life.
Although only two cognitive domains are targeted for training (10 hr of training each), within a cognitive domain (e.g., Spatial Ability), two or more cognitive training exercises may be employed (e.g., Mental
Maps, True North; Table 2 ). These exercises have been selected based on the cognitive domain being targeted for improvement. These exercises provide immediate feedback as well as intermittent summary feedback and are logarithmically customized to the participants' individual ability; the rate, difficulty, and/or complexity of each game are systematically decreased or increased based on participants'
performance, so as to always be challenging but not impossible.
| Treatment adherence
A treatment adherence checklist is used to review with participants the amount of time that they have engaged in training. The software monitors the amount of time participants spend engaged in each exercise. In the meta-analysis described earlier, Lampit et al. (2014) found optimal therapeutic effects occurred when training sessions lasted 60 min or less and were administered 1-3 times per week.
These dosage parameters were incorporated in the TOPS Study protocol. Furthermore, as in the ACTIVE Study, participants are considered to be trained in each cognitive domain when they successfully complete 8 to 10 hr of training in each domain (Ball et al., 2002) . This completers-only analysis is appropriate for use when examining the actual potential of the cognitive training. To include participants who do not complete training, the data can be examined using an intent-to-treat analysis as well.
| DISCUSSION
Collectively, past cognitive training studies have provided extensive evidence that such cognitive training programs improve cognition in normal older adults; likewise, early studies in adults with HIV provide increasing support for such findings (Vance, Cody et al., 2017) . Given the overwhelming work on cognitive training already accomplished, the TOPS Study will advance the treatment of HAND. This R21 proof of concept study translates noninvasive, commercially available computerized cognitive training exercises to improve cognition and reduce the prevalence/severity of HAND as well as improve everyday function and quality of life in adults aging with HIV. Furthermore, a methodological enhancement is incorporated-a selection framework for targeting which cognitive domain should be trained.
To date, no other study team is known to have attempted to specifically reverse a HAND diagnosis. Although the causes of HAND and impact of HAND have been widely studied, few behavioral interventions have actually been attempted to ameliorate the effects of HAND or even reverse it. If the TOPS Study successfully produces a therapeutic benefit and can reverse the diagnosis of HAND, this behavioral approach represents a significant strategy in which to help facilitate successful cognitive aging in this population. Nurses, particularly psychiatric and mental health nurses and clinicians, can then incorporate cognitive training within their treatment regimens.
Furthermore, this intervention may be paired with other cognitive interventions that may generate synergistic benefits for patients as they age with HIV. 
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